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I. INTRODUCTION

1. Background

a. SQUARE DEAL

The SQUARE DEAL Exercise was conducted 15 July to 15 September
1973. 1Involved were research vessels, plus aircraft, for acoustic source
deployment and survelllance of surface shipping. The exercise area, and
the separate Phases, I, II, and III, of the exerclse are indicated in
Fig. I-1. More detailed maps are provided in the following chapters
dealing with individual phases. The exercise was devoted to acquiring
eunvironmental, ambient noise, and acoustic propagation information. The
acoustic sources for the propagation measurements included explosives
(SUS and SCARF cLarges), PAR guns, and towed cw sources. This report
deals with the acoustic propagation from the explosive SUS charges.

The fUS data were acquired at approximately 12 receiver locations;
some locatlions were occupied at two separate times. There were approxi-
mately 50 SUS source events in which the charges were deployed from ships
or aircraft. These source tracks were along great circle arcs of lengths
from 1CO nm to 2000 rm. The source spacings rarged from 0.25 nm for only
two shoct mms to approximately 5.0 nm for aireraft runs; on the major ship
trucks, sources &t both G1 m and 18 w uepth were spaced 1.0 nm apart. For
each gource explosion, receivers at 2 to 6 locations recorded the resulting
signal. Many of Luese recordings have been analyz:d to determine the
poopagation 128s in frequency bands, and it is these analyses which are
report=d here. Most of the recordings are avallable for additional deter~
minations of propagat’on loss and for more detalled research on different

features of propagation in the area.

1
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In accordance with the deta analysis planning, propagation loss
megsuren...;s8 from the SUS recordings bave been forwarded to users. This
reporting was in the form of computer generated plots and/or digital com-
puter tapes. The scale used most often on the plots was 100 nm/in. abseissa
and 10 dB/in. ordinate. Because of the large number of plots which are in
this report, the plots included here are reduced in size. The computer
retrievable records of propagation loss measurements have been archived

and are availsble to qualified users.

This report has two primary purposes. First, this report provides
a survey of the SUS propagation measurements. Second, this report analyzes
those features of acoustic propagation in the SQUARE DEAL area that may be
discerned from the SUS data and relates these features where possible to

“known environmental factors. In regard to the first goal, the data pre-

sented here do not exhaust the pool of available plots, but rather serve

as a guide to the availabllity and characteristics of the data for particular
receiver sites and source runs. In regard to the second goal, the best
gssessment of the acoustics of the area cannot be made from the SUS propa-
gaticn loss measurements alone: there is very little SUS data within 100

t0 200 nm of the receivers (see section I.l.c), and the SUS runs with a

high density of shots were only along the axes of the three major troughs or
basins. The information contained in the reports discussed below is needed

to form a more complete picture of the area's acoustics.

b. Related Reports

Details of the planning, the objectives, and the participants in
the exercise may be found in Ref. 1 (SQUARE DEAL Exercise Plan). A
postexercise survey of the data actually acquired, and selection and
scheduling for the anslysis of some of the recordings is given in Refs. 2
and 3 (Data Analysis Plan). Detalls of the recording devices and the
signal processing systems employed are found in Refs. 1 and 3. A summary
of the exercise operation, and some preliminary envirommental and acoustic

data are given by Ref. 4 (Synopsis Report).

3
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A quality assessment effort was undertaken to verify the quality
of the SUS processing; the results of this study are reported in Ref. 5
(Diagnostic Plan). There, it was determined that, with responsible care,
the error introduced in the propagation loss measurement by the playback
and analysis of the recorded signals is 1,0 dB or less. It should be noted
that Ref. 4 mentioned an uncertainty at that time as to the reliability of
the ACODAC processing. Reference 5 concluded that the ACODAC processing
was of good quality. In addition to the quality assessment, Ref. 5
provided an analysis of the acoustical properties of the oceer bottom in
the vicinity of SITES 1C and 14 (Fig. II-1 of the present report).

There are several reports dealing with specific aspects of the
SQUARE DEAI- exercise which were prepared by single organizations, but which
had received inputs of processed data from several facilities; this report

" i8 one of that series. The cw propagation loss report, Ref. 6, should be

(U)

()

read with the present report to obtain a more complete picture of acoustic
propagation in the area. The enviromnmental oceanographic measurements are
reported and analyzed in Ref. 7, whereas the measurements of ambient noise
and noise directionality are analyzed in Ref. 8. A study of the SQUARE
DEAL area based on‘theoretical acoustic prOpagainn models, and a comparison
of the models with measured data, is given in Ref., 9. Reference 10 1s one
report of the British activity during SQUARE DEAL.

An acoustic survey of the SQUARE DEAL area, based upon contributions
from the organizations which analyzed the individual aspects of the environ-
ment, the acoustic measurements, and the modeling, is provided by Ref. 11l

(Environmental Acoustic Summary):

The question of the determingtion of the best source levels to use
for the SUS sources arose during the analysis of SQUARE DEAL data. As ncted
in the following subsectlon, two sets of source level estimgtes were used
to reduce the data reported in the current report. Reference 12 surveys the
problem, which came into focus when a comparatively recently acquired set
of measurements of source levels differed significantly from previous

It
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estimates. However, as reported in Ref. 13, this disparity has in large
part been explained (as far as most of the frequencies considered in the
present report are concerned) by the discovery of & 3 dB error in the more

recent measurenments.

¢. Sources, Recelvers, Data Processing

During each oi ile three phases of the SQUARE DEAL exercise,
propagation loss to various receivers from 1.8 1b SUS explosive sources was
measured. The two source depths used are 18 m and 91 m (nominal depth of
detonation). These sources were deployed from a ship traveling on a
primary source track along the main axis of g trough or basin; additional
SUS deployment tracks, radial to one of the recelver sites, were flown by
aircraft during each phase.

Receivers included acoustic data capsules (ACODAC), SURVEY
arrays, ambient roise buoys (ANB), and moored acoustic buoy systems
(MABS II); specifications for these systems are given in Ref. 3. The
location of individual receivers and source tracks are described separately
for each phase of the exercise in the respective chapters, and shown in
Figs. II-1, III-1, and IV-1. Fig. I-1 shows the locations on a large
scale map. The ACODAC recelvers were located in the center of t.oughs or
basins, on the primary (ship) source track, with at least 40O m of depth
excess at the site (though some hydrophones were below the critical depth).
Most of the SURVEY, ANB, and MABS sites were atop or on the slopes of
ridges or banks surrounding the croughs and basins, but were ususlly within

20 nm of the open water where there was depth excess.

The signal processing of the SUS propagation loss data reported
here was performed by several organizations. As a minor, though visible,
consequence, there are several plotting formats for the propagation loss
data in this report. More detailed descriptions of the data signal
processing are found in Ref. 3 (Vol. II, Data Analysis Plan). Some
features of the different systems are given below. Except for the SURVEY

5
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(U) data processed on board the receiving ships, all processing was done in
a laboratory using magnetic tape recordings.

() The ACODAC data were processed at the Applied Research laboratories
" of The University of Texas at Austin (ARL). The ARL system employs digital
conversion of the ACODAC recordings (300 Hz bandwidth), followed by com-

puterized techniquee for detection and spectral analysis of the shot
signals. The length of the transformed (FFT) signal segment was up to
.6.85 sec; the actual shot length was determined by a cémputer algorithm,

If shot lengths exceeded 6.83 sec, successive spectra were accumulated.

The amount of energy in frequency bands was determined by suming the power
spectra over sultable windows.

(v) Propagation loss for the ACODAC dagta was determined in one octave
bands at 12.5, 25, and 50 Hz and in one-third octave bands at 12.5, 25, 50,
100, 158, 200, and 250 Hz. The 12.5 Hz band data are of questionable value
because of calibration and system bandwidth problems. However, the measure-
ments in all of the above bands are archived. In accordance with the data
analysis plan (Ref. 2), plots of propagation loss at 25 Ez (one octave),

50 Hz (one octave), and 158 Hz were prepared and forwarded to users. From
that body of plots the data presented in the current report was selected.

(V) The source levels of the SUS sources which were used to reduce
the ACODAC data are those determined by Gaspin and Shuler (Ref. 1k4); these
levels are given here in Table I-1. A discussion of these source levels
is given in Refs. 12 and 13, which were mentioned in section I.l.b, above.
The sowrce levels of Table I-1 were used to process the ANB and MABS II
data also.

(u) The ANB data were processed at Naval Research Laboratory,
Washington, D.C. (NRL). The NRL system employs digital conversicn of the
ANB recordings, followed by FFT conversion of the signal in 1.0 sec blocks.
Upon detection, successive spectrum blocks (the number depending upon signal
duration) are accwmulated. The ANB data were reduced to propagation loss

6
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(u) TABLE I-1

SUS SOURCE LEVELS FOR ACODAC, ANB, AND MABS II PROCESSING

; Frequency 18 m SUS 91 m SUS

One~Third Octave Bands

25 Hz 60.0 dB 60.7 dB
50 54.9 55.7

: 100 53.7 23.3

; 160 50.3 51.5

: 250 48.6 49.1

One Octave Bands

25 Hz 58.6 4B 59.9 4B
50 55.8 55.6

Levels are dB//1 erg/cmg/Hz at 1 ya. (Ref. 1)
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in one octsve bands at 25 and 50 Hz, and one-third octave bands at 100,
160, and 256 Hz. The source levels used for the processing are given
in Table I-1.

The MABS II dats were processed by the Naval Underwater Systems
Center, New London, Connecticut (NUSC). In this system, the MABS IT
recordings were reproduced into & bank of analog filters which performed
the spectral analysis function; the outputs of the filters were then
converted to digital form and the signal energy was determined. The
MABS II data were reduced to propagation loss in one octave bands at
25 Hz and 50 Hz and in one-third octave bands at 160 Hz. The source
levels used are given in Table I-1.

Most of the SURVEY data were processed on board the receiving
platforms vy Western Electric Company, Winston-Salem, North Carolina (WECO);
this system operated on-line, as the signals were received. In the WECO
system, the signal is played through an analog filter bank, then through
analog squaring and integrating circuitry. The outputs of the integrations
are recorded on moving-pen strip chart recorders and are also monitored by
an onboard computer which measures the signal energy in each analysis band.
Some of the SURVEY data were subsequently reprocessed (from analog
recordings) and/or reformatted at NRL.

The frequency bands and the source levels used to analyze the
SURVEY data differ from those used for tne other systeme. On board
USNS ALBERT J. MYER (T-ARC 6) the analysis was in one-quarter octave bands
at 50, 100, and 141 Hz. On board USNS NEPTUNE (T-ARC 2) the analysis was
in one-quarter octave bands at elther the same three frequencies, or at
50, 141, and 300 Hz.

Source levels which were used to reduce the SURVEY arrsy data to
propagation loss are given by Table I-2, which is from Table V-4 of Ref. L,
As may be seen, the levels in Table I-2 are lower than those of Table I-1.
However, the SURVEY propagation loss plots were made at sea and, except

8
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] (u) TABLE I-2
SUS SOURCE LEVELS FOR SURVEY PROCESSING

Frequency 18 m SUS 91 m SUS

One-Third Octave Bands

50 Hz 53%.0 dB 52.1 dB
100 50.2 4o 4
200 48.8 L8.2

(Table V-4 of Ref. 4)
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for the data from Site 3Z, have not been replotted. On the plots of SURVEY
data, a correction factor for the propagation loss is indicated. These
factors are given in Table I-3; they equal the difference between the
standard levels used for SQUARE DEAL (Ref. 14) and the levels used for the
SURVEY propagation loss plots (Refs. 4, 12, 13).

During the period in which the signal processing was performed,
an effort was initiated to verify the accuracy of, and the intercompara~
bility of, the laboratory processing systems at ARL, NRL, NUSC, WHOI, and
WECO. A principal component of this work was the processing of the same
tape recorded signals at the different facilities. The results of that
effort are reported in Ref. 5. In general, the intercomparison showed that
the propagation loss measured for tape recorded shots at the different
facilities varied by *1.0 dB or less on a shot-by-shot basis.

The problem of system overloading was particularly severe on the
ACODAC data; to a lesser extent, overloading was & problem in the ANB data.
The overloading occurs when the peak level of the incoming signals exceeds
the dynamic range of the tape recorder; in the ACODACs, this condition
caused the data signal to be momentarily switched off and error tones to
be recorded for 1 sec. Overloads obscured most of the ACODAC data out to
a range of 150 to 200 nm, and the ANB data out to approximately 100 nm to
200 nm. The problem was more frequent for the 91 m shots than for the 18 m
shots. As explained below, detected shots which cause overlcads are indi-
cated by a special symbol on plots of propagation loss. A consequence of
the overloading problem is that there is no propagation loss data from the
ANB or ACODAC systems oxcept from ranges 1) nm or more from the systems.

2. Report Qutline

Following this introduction, the three principal phases of the exercise
are discussed in separate chapters (II, III, IV). For each phase, an area
description and details of the exercise such as receiver locations and

source tracks are described first. Then the propegation feastures observed

10
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TABLE I-3

VALUES TO ADD TO SURVEY PROPAGATION LOSS PLOTS
FOR CONFORMITY TO STANDARD SOURCE LEVELS (Ref. 1L)

Frequency 18 m SUS 91 m SUS
50 Hz +2 dB +4 dB (a)
100 +4 +b (a)
14 +3 +3 (v)
300 +3 +3  (b)

(a) difference between values from Tables I-1 and I-2.
(b) estimate based upon Ref. 13.

1l
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(U) Por the principsl (chip; source track are described for each receiver site
and these obaservations are ccmpared between sites. Observations based on
other source runs are then described and further intercomparisons are made.
Following the descriptiorn cf observations for the individual phases,
intercomparisons betw=2en Phases I and II, and between Phases I and IIT are
given in chapter V.

. (v) In section I.3, a summary description, based on informetion from all
of the phases, is given for the propagation loss dependence on range, source

depth, receiver depth, frequency, topography.

2 3. Summary of Propagation Effects

(v) In the following chapters, attention is given to the dependence of

propagation loss on range, bottom interaction, source depth, receiver depth,
end frequency. Usually, these effects are interrelated. For one example,
the difference between the loss from 18 m and 91 m shots at the same range
is usually very frequency dependent. As another example, the dependencies
of propagation upon source depth, receiver depth, and frequency may have
one cypical character for sources detonated in deep water where there is
depth excess, but the dependencies change if the sources are deployed in a
bottom lirited situation.

-3 a. Range, General

(V) In this report the term open chamnel, or deep sound chammnel, will
refer to the situation where there is depth excess at the location of the
source and everywhere between the source and receiver (for ACODACs) or

: almost to the receiver (for SURVEY, MABS, and ANB). As a general rule,

3?, . approximately %00 m of depth excess is needed for good open channel propa-

gation. The situation where the source is at a position such that there is
depth deficiency, or where there is an interval of depth deficiency between

the source and receiver, will be referred to as a bottom limited channel.

.
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Considering that most of the SQUARE DEAL area is in deep water,
the open channel propagation is probably the most important propagation
mode. In most of the area, the deep, or major, sound channel axis was at
a depth of 800 m to 1200 m; also, a shallow sound channel at 100 m to
200 m was found over much of the area. In general, the prcpagation loss to
receivers above critical depth in the open channel situation was charac-
terized by cylindrical spreading. However, sometimes there was so much
change in the sound velocity structure along the propagation path (for
example, during Phase III in the Icelandic Basin) that the propagation loss

was increased in one direction and decreased in the opposite.

One interesting feature of the SUS propagation loss measurements
is that there usually is no strong convergence zone/shadow zone structure
evident in the data. Individual propagation loss plots usually show dats

points to be within %% dB of an average trend curve.

b. Bottom Effects

For the most part, deviations from the general range dependence

of propagation loss described above result from topographic effects.

When the propagation path is bottom limited at the source, two
features are observed. First, the received signal is generally attenuated
at a rate of 0.1 dB/am to 0.5 dB/nm as the source ship crosses a ridge or
shelf. The rate of attenuation depends upon the exact bathymetry and
sound velocity structure as well as upon the other agoustic paranmeters.,
Second, when the sources are detongted over the crest of a ridge or rise,
& local minimum of propagation loss to a distant receiver is observed.
That is, within a range interval of perhaps 20 nm, propagation logs can be
as much as 10 dB less than loss from sources at the same range in the
absence of the bottom effects. This slope enhancement occurs because
sound is reflected from the edge of the rise into the deep sound channel.

13
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c. Source Depth

For all phases and source events of SQUARE DEAL, the propagation
loss from the 18 m deep sources was greater than the propagation loss from
the 91 m sources, and the effect is frequency dependent. From the same
range, signals from the 91 m sources are as much as 12 dB stronger than
signals from the 13 m sources. Most of the source depth effects can be
explained in terms of the Lloyd's Mirror effect, described below.

There is a high bottom loss over most of the area, so that usually
only one or two RR or RSR ray arrivals coriribute to the received signals.
This condition enables sharp "Lloyd's Mirror" or "pressure release" effects
to occur. Interference between closely spaced ray pairs causes the received
signal spectra to have & modulation of the form sin(f/fi), where £ is the
received frequency and fi is determined by the time delay between the ray
pairs (Ref. 15). The exact value of fi depends upon source depth, receiver
depth, and the sound velocity structure. Nominal values for fi are 25 Hz
for the 91 m sources and 150 Hz for the 18 m sources. Because of the
filtering used in processing (one octave at 25 Hz, the one-third octave at
other frequencies) the effect upon propagation from the 91 m sources is not
striking; however, the 18 m source data clearly show & minimum propagation

loss at 158 Hz in most cases.

d. Recelver Depth

The sites with a variety of receiver depths were those with
ACODAC, MABS II, or ANB recelving systems. There, most of the hydrophones
are located within the major sound channel, below the upper sound channel
axis and above, or within 100 m of, the critical depth, with exceptions of
deeper hydrophones at Site 1C during Phase I and Site 2C during Phase II,
end a shallow (165 m) receiver at Site 3AA during Phase III. Among the
recelvers in the sound channel, there was generally little difference in
the observed propagation loss. Nominally, to a receiver near critical depth
the propsgation loss was no more than 3 dB less than the loss to & receiver

4
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(C) at the deep sound channel axis. Results from the few receivers below
eritical depth indicate that propagation loss increases rapidly below
- critical depth. In additidn, the signal at these deep receivers seems to

! be most severely affected by topographic blockage or near-blockage

(intervals of no, or very little, depth excess) between the source and
receiver. The loss to the shallow receiver at Site 3AA was nominally
3 dB greater than the loss to receivers in the main sound channel. At
each site, the same general dependence of propagation loss upon source

depth and frequency is observed at all recelver depths.

e. Freguenqx

(c) The nominal dependence of propagstion loss in an open channel
gituation upon frequency is a function of source depth, as discussed above.
From the 91 m sources, the losses at 25, 50, and 100 Hz are ususlly within
] dB of each other; the loss at 200 Hz is approximgtely 3 dB greater than
the loss at 100 Hz.

(@) From the 18 m sources, two types of frequency dependence are
observed. When the arrivals contain little bottom reflected energy (because
of high bottom loss), the Lloyd's Mirror effect discussed above is dominant,
and the greatest loss is at 25 Hz and the minimum loss at 158 Hz may be as
much as 10 dB less. When gignificant bottom reflected energy is present,
the Lloyd's Mirror effect is not dominant; this occurs at short (less than
100 nm) ranges and in areas of highly reflecting bottoms. In that case,
the loss from the 18 m shots is either frequency independent or increases

with frequency.

L.  Presentation Formats

() In the analysis of propagation to individual sites, several types of
data displays are used. First, plots of propagation loss versus range for
particular source depths and frequency bands to individual hyrdrophones give
an overall view of propagation to each site (for example, Fig. II-3). For

15
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; (U) these figures, the receiver is at zero range; sources generally south or
: west of the recelver are at negative ranges, and sources north or east of
the receiver are at positive range. Each data point is coded in the
following manner to provide a measure of the megsurement quality ané/or
measurement problems:

X S/N>+3ab

+ +3dB>8/N>0aB
O 0dB>8/N>-3dB
8 . 3aB>8/N

O Overload

The triangle symbol is plotted along the base of the plot to indicate that
a shot was detected at that range, but the signal in the frequency band
was very weak. The "Q" symbol is plotted along the top of the plot to
indicate that a shot which overloaded the recording system was detected
at that range. At short ranges, where all data was overloaded, the data

was often not processed and no symbol will appear.

A second displsy 1s that of range averaged propagation loss versus
frequency, such ag Fig. II-5. Thils type of display provides a useful
sumary of the frequency, receiver depth, and source depth dependence of
propagation loss in an area. As much as'possible, the range intervals over
which the averages were made were chosen so that the mean trend of the data
changed little over the interval.

Finally, shot-by-shot differences between the loss at the same
frequency to different receivers, or between the loss at different fre-
quencies to the same hydrophone,are plotted versus range as in Figs. II-6
and II-7. These displays serve to show the distribution of frequency and
depth dependence.

16
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II. PHASE I

1. Exercise and Areg Description

Phase I of SQUARE DEAL was conducted 1-10 August 1973; the region,
the location of the receiver, and the events analyzed here are shown in
Fig. II-1. The region is the northwestern portion of the West European
Basin, an area partially bounded on three sides by the mid-Atlantic Ridge
(composed of the Reykjanes Ridge and the Faraday Seamount Group), the
Rockall Bank, and the Porcupine Bank. Throughout this basin there is
depth excess, but along the perimeter of the area there is depth

deficiency.

The propagation data were recorded by ACODAC systems at Sites 1C and
2C, and SURVEY arrveys at Sites 1A and 1B. Ten explosive source runs were
made for propagation studies. USNS WILKES (T-AGS 33) made one SUS run,
Event 2a, along the major axis of the bhasin. The remaining runs were

flown by aircraft (see Fig. II-1).

The sound speed structure within this porticn of the West European
Basin cannot be described by a single representative sound speed profile;
due to the influence of three major water flows, the sound speed profile
varies throughout the basin. Figure II-2 illustrstes the variation in the
structure of the sound speed profiles along the major axis of the basin.
Table II-1 gives depths of the hydrophones whose data was processed.

2. USNS WILKES Source Run, Event 2s

The major event during Phase I is the SUS run, Event 2a (Fig. II-1),
made by USNS WILKES. Figure II-2 illustrates the variations in the sound
speed profile and bathymetry along this track; there is depth excess for
the entire run. Throughout the southern half of the run the sound speed

17
CONFIDENTIAL




(N) I 3SYHd 40 SINIA3 sns
1-II 33n91d

.-w T T _/w T .p...ﬂ T .&
XL e
s N, G

v

ﬂ, ,
ﬂ .\\u‘%
% Y B R
. a3 AINOZ 13N 1DV ¥
B e By =T T 1T
NV3dO¥NI 15IM —

.

ARL - UT
] Aé“n-gva
M0 2%

5

18

CONFIDENTIAL

T N T T T R T T A T TN F (LRt iin Ll

CONFIDENTIAL

gl

dvdy == 001 SNAVYN DIL

SAILIAN NI n:tun\t
/I 7/ 1N .\

-




CHAONGRENARY

qpT 3ueag SBuolvy YoeIL - II 9SBYJ
HONOYL TIVIDOY NI

AMLIWAHLVE ANV DAOLOAYLS ALIDOTIA ANNOS

Z-11 JNOId

wu = 31 Wodd IONVY

on_«—o 1 00Z- 00t - ooy- 00§~ 009- 004~
1 ! 1 ! 1 1

RIS AT

HOLLOS QLIFWN0I Y,

vivg T18vIVIu 402
Mie30 ANrIxYRT |

23s/m O6pr—L 2

~a3cm
(114

UNCLASSIFIED

3%1¥ 010820

ot
ANIOd /

L4
s

3 [}

AINNYIO
Adnvn

Nivlg 3NIWNONOE om

)
o0v+

T T T T T
cot+ 00Z+  OOL+ 0 0ot~ 00¢- 0ot-

wyu = 3T NOYd FIONYY

ARL - UT
76-
- DR
6-17-76

AS.
SKM

19
UNCLASSIFIED

00l x w = Hld3d




(c)

CONFIDENTIAL

TABLE II-1

REFERENCE LOCATIONS FOR PHASE I (U)
(From Table III~l of Ref. k)

HYDROPHONE DEPTHS - meters

TYPE SITE TOCATION m re Profile Features and Bottom
ACODAC 1C 54°53 31N 712 400 m Below Channel Axis
28°50.7'W 1944  Critical Depth
2860 190 m Off the Bottom
ACODAC ec 51°29.9'N 1450 Deep Sound Channel Axis
19°38.0'W 2066 600 m Below Deep Channel Axis
2777 100 m Above Critical Depth
SURVEY | 1A 54°52,14'N
Array 1802 Critical Depth, Bottom
25°18.65'W
SURVEY | 1B 51°49. . k'N ,
Array 2038 Critical Depth, Bottom
29°18.65'W
20
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(U) profile is characterized by two sound channels; these merge together for
the northern half of the run and the profiles have a single sound channel.
i Data collected by the hydrdphones shown in Fig. II-2 have been processed
for this run.

N e A TE oSy

a. ACODAC, Site 1C

(u) At Site 1C, the processed data were from hydrophones at depths
of 712 m, 1944 m, and 2860 m. These depths correspond to 400 m below the
channel axls, the critical depth, and 190 m above the bottom, respectively.
The 2860 m receiver is much deeper below critical depth than any other
recelver in the SQUARE DEAL Exercise. Also, as shown by Fig. II-2, this
receiver depth is slightly below the peak of the DeSoto Rise, which will
partially block propagation from sources SE of Site 1C.

(1) Range Dependence

(¢) Propagation loss measured at the 1944 m hydrophone is
presented in Fig. II-3. Figure II-4 shows the propagation losses from the
91 m sources to the hydrophones at 712 m and 2860 m. Range averaged values
of propagation loss are given in Fig. II-5. The data from sources close
to the receiver are obscured by system overloading, as indicated by the
symbols at the top of the plots of Figs. II-3 and II-4. Beyond 200 nm SE
(positive ranges) of the Site 1C, the propagation loss dependence upon
range approximates cylindrical spreading. However, the amount of spread
in the propagation loss curves, due to convergence zone effects, is greater
for the deeper receivers (Fig. II-4). The propagation loss from sources
NW of 1C (negative ranges) increases rapidly with range, indicating bottom
limited propagation as the track approaches the Reykjanes Ridge.

(2) Source Depth Dependence

(c) Comparison of propagation losses from sources detonated at
depths of 91 m and 18 m consistently exhibit more loss for the 18 m sources.

21
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This may be seen in the range averaged data of Fig. II-5. The difference
is greater than 10 dB at the low frequencies and decreases as the frequency
increases; at 250 Hz, the difference is less than 5 dB.

(3) Receiver Depth Dependence

At Site 1C, the dependence of propagation loss upon receiver
depth is a function of source depth and frequency. This may be seen in the
range averaged date of Fig. II-5. The loss to the deepest receiver
(2860 m) is approximately 10 dB or more greater than the loss to the other
receivers. Comparing the 712 m and 194%4 u receivers, the average loss
from the 18 m sources is the same at these two depths; from the 91 m sources,
there is approximately 3 dB more loss at 1944 m receiver depth. Figure II-6
shows the difference between propagation loss from individual shots to the
different receiver depths at 25 Hz.

() Frequency Deperdence

The dependence of propagation loss upon frequency at 1C
nmay be seen in Fig. II-5, and in the plots of differences between mropaga-
tion loss from individual shots at 158 Hz and 50 Hz, Fig. IJ-7. From the
91 & sources, the propagation loss increases es frequency increases; there
is naminally 4 @2 more loss at 158 Hz than at 50 Hz on the two shallower

receivers; et the 2860 m receiver, the difference is 8 au.
? ?

The frequency dependence of the loss from the 18 & sources
varies with receiver depth and source lcocation. The freguency dependence
of propagation fromz sources in the open channel region SX of Site 1C o
the receivers above criv:ical depth (Fig. 1I-3) is typical of much of
SQUARE DEAL. That is, there is saxicus losg at 29 Hz, and sinizus loss
at approxizately 158 Hz; there is approxizately 8 4B core loss st 25 Hs
then 158 He. This dependence arises froc the Lloyd's Mirror effect,
discussed in the introduction whereby, &f there zre no significant bottos

reflected arrivals, interference btetween closely spaced rays frow {he shallow

es
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(C) sources causes the level of the lower frequency components to be reduced.
From 18 m sources SE of 1C to the 2860 m receiver, and from NW of Site 1C
to all receivers, the Lloyd's Mirror effect is not observed, and propagation

loss Increases with frequency.

b.  ACODAC, Site 2C

(V) The hydrophones at Site 2C during Phase I whose outputs have
been analyzed are at 1450 m, 2066 m, and 2777 m. These depths are the
deep sound channel axis, an intermediate depth, and 100 m above the
critical depth, as shown in Fig., II-2.

(1) Range Dependence

(c) Propagation losses to the 2066 m depth hydrophone are shown
in Fig. II-8; Fig. II-9 shows the propagation loss from the 18 m depth
gources to the 1450 m and 2777 m hydrophones. Range averaged values of
propagation loss to Site 2C are given in Fig. II-10. The loss from 91l m
gsources at renges greater than 150 nm approximates cylindrical spreading.
This dependence is also sern for loss from the 18 m sources beyond 150 nm
at frequencies above 50 Hz. The loss from the 18 m sources increases at
a greater rate below 50 Hz because the Lloyd's Mirror effect is not a

dominant factor at close ranges (less thﬁn 200 nm) but is at greater ranges

k' (see Fig. II-10); this is probably due to changes in bottow reflectivity
. 3 '
S along the track.
3 .":;. (2) Sourc: Depth Dependence
% (¢) The dependence of propagation lose upon source depth varies
;p v ' with frequency and source location; this may be seen in Fig. II-10. From

k- gources 200 nm or more NW of Site 1C, the loss from the 18 m sources is
_ greater than the loss from the 91 m sources by 8 to 10 dB at 25 Hz and O to
EE 3 dB at 158 Hz and above.
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(3) Receiver Depth Dependence

(¢) Differences between propagation losses at 50 Hz from
individual shots to different hydrophones appear in Fig. II-1ll; the depen-
dence upon receiver depth is also shown by Fig. II-10. As msy be seen,
the loss from the 18 m sources shows essentially no trend in the receiver
depth dependence. However, the loss from the 91 m sources increases with
receiver depth, and the averaged differences show no important frequency
dependence; the mean loss from 91 m sources is approximately 4 4B greater
at the 2777 m depth than at 145C m.

(4) Frequency Dependence

(¢) The frequercy dependence of the propagation loss to Site 2C
is illustrated by the range averaged data of Fig. II-10, and by the shot-
by-shot comparison of Fig. II-12. The frequency dependence of the loss
from the 91 m sources ls essentially independent of receiver depth or
gource location; there is approximately 3 dB greater mean loss at 158 Hz
than at 50 Hz.

(c) For the 18 = sources, the frequency dependence varies with
source location., From 200 nm and beyond, the Lloyd's Mirror effect,
evidenced by tue minimum loss at 158 Hz (approximately 5 dB less than the
loss at 50 Hz), influences the propagation. The 18 m source data available
at shorter :anges (most of these shots overloaded the receivers) have a
frequency dependence similar to that of the 91 m sources, with loss increasing

with freq oncy.

C. Compurison of Sites 1C and 2C

(c) The sound speed profiles in Fig. II-2 show considerable change in
structure between Sites 1C and 2C. There 1s, however, little difference
between propagation to receivers at comparable depths at the two sites.
Table II-2 presents propagation losses observed at Sites 1C and 2C averaged
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i (¢) TABIE II-2

, COMPARTSON BETWEEN PROPAGATION TO SITE 1C AND SITE 2C
: o - FOR THE RANGE INTERVAL OF 300 mm TO 40O mm (U)

PROPAGATION I10SS (dB)

RECEIVER OL m SOURCE 18 m SOURCE
DEPTH/SITE 25 Hz 50 Hz 150 Hz 25 Hz 50 Hz 150 Hz
194k m/1cC 101 100 10k 116 108 104
2066 m/2C 100 102 102 11k 108 106
2860 m/1C 106 109 116 118 114 116
2777 m/2C 102 10k 105 - 11k 108 105
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(U)

(c)

(c)
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over a range interval of 300 nm through 400 nm; in this interval, the
sources are near one site, and propagation is to the other. These data
allow comparison between hydrophones at similar depths at the two sites.
Remember that the 2860 m depth at Site 1C is far below critical depth,
whereas the 2777 m depth is in the sound channel at Site 2C (Fig. II-2).

Considered as a group, the two receivers at Site 2C and the 1944 m
recelver at Site 1C have nearly the same average propagation loss
(Table II-2). However, the loss to the 2860 m receiver at Site 1C is
consistently the greatest in any column; propagation to that receiver is
affected by its distance below critical depth, and probably by the DeSoto
rige only 30 nm SE of 1C (Fig. II-2).

3. QOther Source Runs

Nine aircraft SUS runs were flown during Phase I. Events 5a and 5f,
radlsl to Site 1A, and Events 51 and Tb, radial to Site 1B, are shown in
Fig. II-1. Propagation loss to the SURVEY arrays at the origins of these

runs has been computed.

a. SURVEY Array, Site 1A

The receiver at Site 1A is neai the bottom above a seamount, at
1802 m depth (slightly above the critical depth); the site is at the N
boundary of the West European Basin (Fig. II-1). Event 5a is a radial run
at a bearing of 155° across the deeper part of the Basin; Event 5f is st
a bearing of 320°, As may be seen in Fig. II-1, the sources for Event 5f
are over shallower water then are those of Event Sa, and propagation to
Site 1A 1s across the NW shoulder of the seamount for BEvent 5f.

Propagation loss data for these runs are presented in Figs. II-13
and II-14%, As discussed in section I.l.c, the correction factors vhich are
given on the plots of the SURVEY data are needed to have the source levels
conform to standard values used for the other systems. For both runs, the
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(C) loss from the 18 m shots is approximately 5 dB greater than the loss from
the 91 m shots. There is no apparent frequency dependence for the 18 m
sources. For the 91 m sources, at the longest ranges of both runs, the
greatest loss is at 100 Hz., By comparing Figs. II-13 and II-14, it may be
seen that there 1s greater propagation loss on Event 5f than on 5a. For
example, at 200 nm ranre, the loss on Event 5f is nominally 10 dB greater
for the 91 m sources and 6 dB greater for the 18 m sources than the loss
on Event Sa. This dependence upon propagation path is what would be
expected from the bathymetry of the two paths described in the preceding

paragraph.

b. SURVEY Array, Site 1B

[ 3 (c) The receiver at Site 1B is at a depth of 2039 m, just above
critical Jepth on a seamount along the mid-Atlantic Ridge. Event Tb is
a radial run at a bearing ¢f 20°. Fig. II-1l shows this run across the
Icelandic Basin; not shown is the portion at the end of the run (approxi-
maetely 70O nm from Site 1B) where the track passes over the edge of the
Reykjanes Ridge. Event 51 is & radial run at a bearing of 87° across the
West Buropean Basin; at approximately 530 nm, th~ depth at the source

. changes from greater then 3000 m to less than 1000 m as the track crosses
. Forcupine Bank.

(c) Propagation loss data for these runs are mwesented in Figs. II-15
and II-16. The range scale of Fig. II-16 differs from that of Figs. II-13,
II-14, and II-15; also, the highest frequency shown in Figs. 1I-19 and 1I-16

is 300 liz rether than J4) Hz. The propugation loss curves for the two runs

shov equivalent levels at the smse renge, frequsncy, sod scurce deyh. Fros
the 91 © sources, the logs at S0 fiz is approxisately the same ss thr loss

: 5? at 141 Hz; the loss at 300 Hz {5 aspproximately 5 4B more ot 500 nz than st

the other twu frequencies sn. shows attenustion in addition o spreading

loss. From the 18 m sources, the loss at 141 H: {s spyroximately 3 dB less

thanh the loss st %0 Hz: this 1. cossistent with the Lleyd's Mirror effect.
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(¢) Near the end of both runs (675 nm on Event Tb and 575 nm on
Event 5i), the loss from the 91 m sources increases approximetely 5 dB
as the runs pass over shallow water; from these locations, few 18 m shots
are detected.
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(This page is UNCLASSIFIED.)

IIT. PHASE II

1. Exercise and Area Description

During Phase II, 15-25 Auguct 1973, SUS sources were deployed by
RFA OLMEDA (A 124) on a track along the Rockall Trough and by aircraft
along 13 tracks radial to Site 2B. Three of the source runs have been
selected for analysis. These three runs, shown in Fig. III-1, are the
RFA OIMEDA run along the Rockall Trough, Event 14b, and two of the
aircraft runs, Events 12k and 12m,

Propagation loss to four sites is available for Phase II. The systems
at these locations, shown in Fig. III-1, are ACODACS at Sites 2C and 2D,
an ANB at Site 2BB, and a SURVEY array at Site 2B. In Table III-1, hydro-
phone depths are related to sound speed profile fegbures and bottom depth

for each receiver site.

Topography and sound speed structure along the track of the RFA OLMEDA
source run are related, in Fig. III-2, to the hydrophone depths at Sites 2C
and 2D. To better define the topography and sound velocity structure of
the Rockall Trough, Fig. IIT-3 shows a cross section across the trough
from Site 2BB to Site 3AB.

2. RFA OIMEDA Source Run, Event 1hb

During Event 1lb, the RFA OIMEDA deployed SUS charges while traversing
840 nm along the axis of Rockall Trough and the Porcupine Plain (Figs. III-1
and 11I-2). The signals were received by ACODACS at Sites 2C and 2D, which
are on the source track in deep water in the central part of the trough.
Signals from the hydrophones shown in Table III-1 at each ACODAC site were
analyzed. These dsta are used to examine propagation in the Rockall
Trough, discussed below. Also examined are data from a SURVEY array at
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TABLE III-1

REFERENCE LOCATIONS FOR PHASE II (U)
(From Table ITII-1 of Ref. 4)

RECEIVER DATA

TYPE

SITE

LOCATION

HYDROPHONE DEPTHS - meters

ACODAC

e

51°30.1'N

15 °37.2'W

398
1009
1376
1834
2hls

31h7

250 below
200 above

400 below
200 above

175 below

upper axis
int. maximum

int. maximum
deep axis

deep axis

1375 above critical depth

635 below

deep axis

1085 above critical depth
1250 below deep axis

300 above

400 below
650 above

critical

critical
bottom

ACODAC

2D

55°12,2'N

13°33.1'W

585
75
1810

2u67

410 below
365 above

540 below
235 above

310 below
590 above

TO below

330 above:

upper axis
int. maximum

upper axis
int. maximum
deep axis
critical

critical
bottom

SURVEY
Array

54°08,78'N
13°05.33'W

1728

on the bottom (480 m below
lower axis)

2BB

54°00,8'N

12°56.0'W

300

610

120 below
555 above

430 below
245 avove

upper axis
bottom

upper axis
bottom
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Site 2B on the sloping rise up to Porcupine Bank (Figs. III-1, III-3) and
from an ANB at Site 2BB on the Porcupine Bank.

By comparing Figs. III-2 and II-2, it may be seen that the propagation
path in Event 1llb is much more bottom limited than the path in Event 2a
(Section II). Also, approximately 160 nm NE of Site 2C, there is an
interval over which there is depth deficiency; to the NE of that blockage,
there is only 400 m, or less, of depth excess. Approximately 7 nm SW of
Site 2C, there is a point at which the depth excess is only 200 m. These
variations of bathymetry along Event 1ib influence the level of the propaga-
tion loss, and also can affect the frequency, source depth, and receiver

depth dependences.

a. ACODAC, Site 2C

The receiver depths at Site 2C are shown in Table ITII-1. One
hydrophone, at 3147 m, is well below the critical depth. Propagation loss
from both source depths to the 2445 m receiver is shown in Fig. ITI-k;
loss from the 18 m source at 25 Hz to all receivers is shown in Fig. III-5.
Range averaged propagation loss versus frequency to all receivers is given
by Figs. III-6.

(1) Range Dependence

Several features of the propagation to this site are
11lustrated in Figs. III-4 and ITI-5. Average propagation loss increases
regulafly with range both NE and SW of 8ite 2C. From 18 m depth
source, the rate of propagation loss increase is greater from sources SW
of the site than from sources NE of the site so that, at 300 nm range, the
propagation loss is from 5 to 10 dB higher from sources to the SW. This
may be related to the shallower upper channel axis depth NE of Site 2C,
vhich would allow better coupling from the shallow sources. The rate of
increase of loss with range is more symmetrical for the 91 m source depth.
In general, at this site, the rate of increase of loss with range from the

48
CONFIDENTIAL




UNCLASSIFIED

S TN ST 8 TS

91 m Source 18 m Source
80 —
:——LI-TAI-I-.'.-_’.*-T_‘, 80 [ =- N aBeNe ¢
90 . - T 90 —
ﬁ,p. p *al A e g SN EREY
100‘ "’ rEri s " I.OG ‘? ;_l.l.‘_’
T ‘ ] LA ] f‘
- ! &,
110 10._7.W‘ H . *:P_
25 Hz o e ‘ .WP'..‘
I I 25 Hz
120 20 ;
-300 -200 -100 100 200 300 400 _3g90 -200 -100 0 100 200 300 400
80 AP S e R 'ﬁo—-_g . 80 . . M A o - wve
% 90 , - : 2 90 8y
oo sl ta B8 P
¢ 1004—aifrze #7 . .ﬂ“"ﬁ"‘f s 100 Al A
@ ~e |t AT e Yo
s (ﬂ tof S
g : A g
g 110 1Bl mar v e ; -
SOH i
2 ¢ 50 Hz |
21 12 14
ué‘ )
130
[-9 - 2 130 . |
-300 <200 -100 ¢ 100 200 300 400 -300 -200 -100 O 100 200 300 4
80 """"ET“: = e, 8 s
90 L 9 ‘
p «“ F . ‘e a 4 ."‘ Y * PR . .vil
100 ‘. 4.51. .r' 'f.‘:ﬁ..‘ " 10 I L . "’
o 5,'0 . ‘~ .ﬁ 2 f“l’.lﬂ' ,'-‘
A B - { 'f la .j‘ﬂ}ni‘:‘y-’ R AN #n‘
110 110wty | "AI -
L * . ) ] .
158 Hz .
) 158 Hz
120 12 l
130.% . s L 136 - . . .
. -300 -200 -100 100 200 300 400 -300 -200 -100 100 200 300 400
Range - nm
PIGURE I11I-4
PROPAGATION LOSS - SITE 2C, EVENT 14b
2445 m Receiver
Two Source Depths AS-76-864
25, 50, and 158 Hz SKM

49
UNCLASSIFIED



e Hydrophone Depth 398 m Hydrophone Depth 1834 m |
80 —— L oug_s L Py £ : 8 [ (X ar-‘q — - .
90 el 9
I I I "y
X “n\. £ b ‘.
100 ’T . j#gf‘ 10 - ";‘«
. :"Yﬂ':‘ : "‘"‘1::%}"“{ vy ' 'ﬂ 1
i,l‘ p R4 : f ] “ﬂ.&
110 110 er;n(J B £ 1t
" - * .
R }‘:
120 - 12 .
130 °F 13¢°
-300 - OOH-hQO h 0 100h 200 300 400 -300 -200 -100 O 100 200 300 400
80 1y E?PESEC,PfRE_ 10?9 m . 8 Hydrophone Depth 2445 m
M
o
' .80 - 9 1
1723 »
& 100 # “4 J’l" e
4, adk 10 3 S
g 4 ﬂ R L f‘ 3
o ‘ap J» 2 4 m‘.ﬁl
t‘é 110 = s ’%.\*L 110, 3 L PP} . 5 s
%A - ::":}F"l K LN 4?.»!’ X P ﬁ‘ 3 o )
£ 1204 120
130 4" g 130'
-300 -200 -100 100 200 300 4d0*°-300 -200 -100 100 200 300 400
U Hydrophone Depth 1376 m g . _Hydrophone Depth 3147 m
90 : ]
“1 ‘}'1 9 ot . «
4 ”» ;": X T
100 — 100 . dete
‘, s P & Mn o‘ . b
g Y. ) |, w0 .
f 3 > ... '} > ri 5". ‘..s‘..
110 Tv,a‘::. - -%‘.‘—' 110“——;::,.&‘;:1‘"‘ 2 vﬁi".—"'
120 1201 :
2T 130 13 LA . s
- -300 -200 -100 O w0 200 300 400 -300 -200 -100 O 100 200 300 400
Range - nm
FIGURE 111-5

PROPAGATION 10SS - SITE 2C, EVENT 14b
Six Receiver Depths
18 m Source
25 Hz Frequency

UNCLASSIFIED

AS-7/-865
SKM




UNCLASSIFIED

260 T0 200 NM 200 T@ 190 NM 100 T 70 NM
: 1 w
: . ‘ o
7 100 100
@ T SER R AENEN
g \_'
3
| 3 L |3
11 1o I 10
Slas &LJO Nw 9l a8
300 200 300 0 1 0 TL ‘L“i
Traquency, Es Trequency, Es Frequescy, iz
0 % ’_lr 90 —l
f ; : gg: » Ree
: e
1% Log—3: RT = nec 100 \\
3 3 8 \\
£ H A
110 _,.--4._,._3 1 %,ﬂﬁ \—-—-\
v ot— — —~-2-— 1o
=\ | N3
18 = 8u8 18 . ald 13 = SUS
120 | S [P N wl . |
100 200 300 100 200 300 100 200 300
. Prequency, Ns Prequancy, fa Froquency, In

FIGURE 1I1-6a

RANGE AVERAGED PL versus FREQUENCY - SITE 2C, EVENT 14b

Sources Southwest of Site 2C
1009 m, 1834 m, 3147 m Receivers
Two Source Depths

AS-76-866
SKM

51
UNCLASSIFIED




R O S Ty A
el b Al e 7

UNCLASSIFIED

150 TC 20C NM

/

1

RANGE AVERAGED PL versus FREQUENCY - SITE 2C, EVENT 1db

] N \& 1S T
§ , e ! :
mL—.—-.+—-———q,-—-—- 3t -
t
ﬁil‘l n e
“L‘ —fa— il — %0 N
Troquancy, Is Prageacsy, N2
© ¥ 3 j I
! 1t l”‘lh
2: 103 » e
o ] 100 3 JAMT & Bat
|
A 2 :
- i
e ?Ei\]—c::gﬁhj C g thEljgzaa
Hue . 3 uep -
| il
Waem l ) usen
wl— . L VS S S
18 L) » 1 e 0
Progomay . S Progamey . e

FIGURE il1-6b

50 13 70 NM 10 T 100 NM 100 1) 150 N4
» »
"dr——x1 axoo \ ;‘-— s 100 —
1
u us e
n-r nj Yy
! o e T T ) o W —_u'l——ﬁ—_ﬁt
Progety, Is Troqueney, s Froqeeney, I
.0 ‘ - —
N 2 10% ® o
-
. - A} 3 uitems |y o
] Q‘ 3] 9 N / é
[ 1 d ?'
- h
u us
15 s wn Yy Wanm
6 1¢ 30 ul 18 "‘"iik W ““—“"L's "‘b“‘lL
Progueney, & Progunzy, B Tropaamey, b
20C TO 30C MM 100 T0 360 NM

Sources Northeast of Site 2C
1009 n, 1834 m, 3147 & Rececivers
Two Source Depths

o2

UNCLASSIFIED

AS5-76-867
SEN




UNCLASSIFIED

__260 TO 2u0 NM 200 10 100 NM 100 TR N KN

» T y  ® ™)

‘ 1: X8 m et
. 150 3 gg:: ; :
Y i e R foan. by
s N Ny
] -] .
£ g ®
”Lﬁ% i i I o s
i ] f
Maus “'“l ; e e !
}
Ty i v ] o i I - .J_~*_L__~J
100 0 0 108 ) 3 8 e 200 a0
Freguancy, Ea e . In Froguanty, By

FIGURE 1I1-6¢

RANGE AVERAGED PL versus FREQUENCY - SITD ZC, EVENT l4b
Sources Southwest of Site 2C
398 m, 1376 m, 2445 u Recelvers
Twe Souvce Deaths

AS-76-868
SKM

7t

EY

UNCLASSIFIED




UNCLASSIFIED

50 TQ 70 NM 70 19 100 NM 100 T3 150 NM

i
|
i
)

18 = 8U8 :
§
b1 0 300
Frequoncy, Nz Proquency, Is Preqasney, Iz
153 T2 200 NM 200 TR 330 NM 0 TO F) NM
9“,’ - ""1'-——[—-—1 90 l %0
zlk\ P I .
- S N
3 N . rool > *\\‘\ma_z_d_ R
200! NN P AN 100 ~
N R [ 3 ] \_ 9
TaE oo ) 3
ad S . - uoR l el 1
t
9 a 8s Ns &B; H 9 = 3US !
1 I 120_..___[_ I { - T ) S L ——- L-.._..a
100 200 300 100 200 300 100 200 30
Prequancy, K Frequency, Iz Frequeacy, I

TGS
s e
¥
ug- I
18 n 38
Y N
100 W »0
Frequaney, Ht

FIGURE 1T1-6d
RANGE AVERAGED PL versus FREQUENCY - SITE 2C, EVENT 14b

Sources Nertheast of Site 2C
398 m, 1376 m, 2445 m Receivers
Two Source Depths

&b AS-76-869

UNCLASSIFIED s




" s
b Rl RS 5 il e s g

CONFIDENTIAL

(C) 13 m sources is greater than from the 91 m sources. This source depth

(c)

(¢)

(c)

effect is most evident at 25 F< and least evident at 158 Hz.

(2) Source Depth Dependence

Propagation loss averaged over range intervals is shown in
Fig. 1II-6. These show that the loss from the 91 m sources is less than
from the 18 m sources. Details of the source depth dependence vary with
source location in the following manner. From the SW, there is 8 dB to
10 4B more loss from the 91 m sourcee at all frequencies, whereas from
the NW the mean difference is approximately 5 dB at 158 Hz and 10 dB
at 25 Hz.

(3) Receiver Depth Dependence

Receiver depth dependence is shown by the dats in Figs. III-5
and IIT-6. The maximum difference between propagation loss to the different
recelver depths is 12 dB, and is usually less than 10 dB. To the five
shallowest hydrophcnes (398 m to 2445 m), the variation is senerally less
than 5 dB. As may be seen from Fig. III-H, the loss to the deepest hydro-
phone (3147) is generally greater than the loss to the other receivers;

1is effect is greater at higher frequencies (with less than 1 dB difference
among the hydrophone depths at 25 Hz) and for the 91 m sources.

(%) Frequency Dependence

Frequency dependence at Site 2C is interrelated with source
depth and range dependence. As shown in Fig. III-6, from the deep sources,
the propagation loss increases with frequency. From renges less than
200 miles, Fig. ITI-6 shows that, on the average, the loss also increases
vith frequency for the 18 m sources. For longer ranges, the frequency
dependence for the 18 m sources shows the influence of the Lloyd's Mirror
eftect, with a minimum loss at 158 Hz. This range variable frequency
dependence is further i1llustrated in Fig. III-7, vhich shows the difference
between propagation loss at different fyequencies frowm individusl shots.
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b.  ACODAC, Site 2D

The date analyzed from Site 2D were from hydrophones at 585 m
and 715 m depth, both of which are between the upper sound channel axis
and the intermediate maximum; at 1810 m, which is 310 m below the deep
sound channel axis; and at 2467 m, just 70 m below critical depth but only
330 m above the bottom. Propagation loss at 50 Hz from the 18 m sources
to these receivers is shown in Fig. III-8; range averaged propagation loss

versus frequency is shown in Fig. III-9.

(1) Range Dependence

Several features of the propagation to Site 2D are shown by
the data in Fig. III-8. The short range data are obscured by overloads;
however, there is an obvious asymmetry between the loss from sources NE
and SW of the site. This asymmetry is relgted in the following paragraphs
to topography and to the sound speed profile shown in Fig. III-2.

Consider first propagation from sources SW of the site.
As shown in Fig. III-8, propagation at 50 Hz from the 18 m source depth to
the deepest (2467 m) receiver exhibits a very rapid increase in loss with
range out to about 200 nm, and thea a recovery to lower loss at about
250 nm, beyond which the loss increases only gradually with range. Though
less pronounced, a similar behavior is suggested by the data for the 1810 m
receiver. For these two receiver depths, this same benavior is shown by
the data for the 91 m source depth and for frequencies of 25 and 158 Hz.
Propagation to these deep receivers is apparently being strongly influenced
by buthymetry. As shown in Fig. III-2, SW of the site bottom depth is only
about 2800 m out to about 175 nm, and beyond increases to an average value
larger than 4000 m for ranges greater than 225 nm. At 150 nm SW of Site 2D,
there is no depth excess. Tuis topographic influence west of Site 2D is much
less of a factor in propagation to the two shallowest hydrophones, especially
to the one in the upper sound channel at 585 m.
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(¢) With sources NE of the site, an even stronger topographic

%v influence is exhibited. As shown in Fig. III-2, the depth becomes

‘ gradually shallower NE of Site 2D, reaching 2000 m at 180 nm. The very
steep rise up to the 150 m Scotland Shelf depth then occurs over an
interval of less than 10 nm. A slope enhancement (reduced loss) of up to
10 4B is shown at 190 nm range for all receiver depths (Fig. III-8). As
RFA OLMEDA moves over the shallow Scotland Shelf, a rapld increase of loss
with range is observed at all receiver depths at Site 2D. These same
general features are exhibited by the data at 25 and 158 Hz and also for
the 91 m source depth at all three frequencies.

< T TATIT A Y AR )

(2) Source Depth Dependence

(C) As was seen at Site 2C, the data at Site 2D indicate a more
rapid increase of loss with range from the 18 m sources than from the 91 m
sources. Although the loss for the two source depths is of similar magni-
tude at short ranges, the higher rate of increase with range results in
as much as 15 dB higher loss from the 18 m sources at 550 nm range SW.
This source depth dependence is further illustrated by the range averaged
data shown in Fig. ITI-Q.

(3) Receiver Depth Dependence

3 (c) Receiver depth dependence is also shown by Fig. III-Q.

g As previously described, the deepest (2467 m) hydrophone exhibits a high
T | loss for xanges less than about 250 nm. Beyond 300 nm range, maximum

. 12 ' differvnce between loss to the different receiver depths is on the order
: of 5 dB with minimum loss being shown by the two hydrophones which were
5 closest in depth to the two sound channel axes (i.e., the hydrophones at

: 585 @ and 1810 m depth).
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(&) Prequency Dependence

(c) Figure III-9 shows that, at Site 2D, the frequency
dependence of the propagation loss from the shallow sources is markedly
different from what is seen in most of SQUARE DEAL. There is a minimum
in propagation loss at 25 Hz or 50 Hz for both source depths. That is,
the Lloyd's Mirror effect does not dominate propagation from the 18 m
sources; this is evidence that bottom reflected components constitute &
significant portion of the arriving signals. From the 18 m sources, the
loss at 200 Hz is approximately 3 dB higher than the loss at 25 Hz. From
the 91 m sources, the 200 Hz loss is 6 to 10 dB higher than the 25 Hz loss.

¢. SURVEY Array, Site 2B

() At this site, near Site 2BB of Fig. III-1, on the sloping side
of Porcupine Bank at the edge of Rockall Trough, the hydrophone is on the
bottom at 1728 m depth, The RFA OIMEDA source run (Event 14b) is not
radial to Site 2B, but passes within 65 nm of this site.

(1) Renge Dependence

; /j ;E (c) In Fig. III-10, propegation loss to Site 2B for Event 1lb

}f § is shown for source depths of 18 and 91 m at frequencies of 50, 141, and

| E, 500 Hz. The loss increases with range much faster from sources SW of

3 Site 2B than it does from sources NE of the site; at 150 nm, the loss from
the SW is nominally 10 4B grester than the loss from the NE. This is because
the path to Site 2B from sources to the SW is bottom limited across the
shoulder of Porcupine Bank, as may be seen in Fig, III-1. To the NE, the
source track passes onto the shallow Scotland Shelf at gbout 200 nm range

. and propagation loss rapidly increases with further range increase. There

is some slope enhancement seen at approximately 230 nm range.
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(2) Source Depth Dependence

(¢) The propagation loss from the 18 m sources is greater than
the loss from the 91 m sources, with the difference depending upon source
location. From the SW of Site 2B, the difference is approximately 5 to
10 dB, while from the NE the difference is approximately O dB at 50 Hz
and 3 dB at 141 and 300 Hz.

(3) Frequency Dependence

(¢) These data exhibit an increase of loss with frequency for
both source depths similar to that seen at Site 2D.

d. ANB, Site 2BB

(0 This ANB system is located in 855 w of water on the Porcupine
Bank (Figs. III-1 and III-3). Hydrophone depths are 300 m and 610 m.
The site 1s at the top of a steeply sloping bottom which rises out of the
Rockall Trough (the location of the RFA OLMEDA source run). Water depth
at the site is less than the deep sound channel axis depth in the nearby
Rockall Trough (Fig. III-3) and is almost as skallow as the intermediate
maximum in the sound speed profile.

(1) Range Dependence

(v) Propagation loss for RFA QIMSDA source run to the 300 m
receiver is shown in Figs. III-lla and ITI-1lb, and to the 610 m receiver
in Figs. III-12a and III-12b. The source run is nouaradial to Site 28HB and
the range of closest approach is 65 nm.

(c) In agreecent with the dsts from the SURVEY array at Site 23,
the ANB (Site 2BB) data exhibit a much more rapid increase of propagation
loss with range for sources SW of the site than for socurces hE of the zite.
From the 18 m sources, the difference is approximetely 10 GB at 150 nx
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range; overloading obscures the effect for the 91 m sources. At the
higher frequencies, slope enhancement, similar to that previously noted
for Sites 2B and 2D is evident for sources at a range of about 225 nm NE

of the receiver.

Propagation from sources SW of Site 2BB is partially
blocked by Porcupine Bank; the effect of the blockage varies with source
and receiver depth, and frequency. From 91 m sources in this region,
propagation loss at 25 and 50 Hz to the 300 m recelver is 6 to 10 dB less
than the loss to the 600 m receiver (the 300 m data also show much more
scatter). At the higher frequencies, there is little difference between
the receiver depths. (The 18 m shots are weakly detected from sources

in this area.)

(2) Source Depth Dependence

At all frequencles, the loss at a given range is greater
from the 18 m sources than from the 91 m sources. The low signal-to-noise
ratio for the 18 m shots makes the difference difficult to estimate
(Figs. II-11 and II-12); nominally, the difference is 10 dB at 50 and
100 Hz, and 6 dB at th. other frequencies.

(3) Receiver Depth Dependence

Very little receiver depth dependence 1s shown for sources
NE of the site (compare Figs. III-11 and III-12). However, the 600 m
receiver depth shows much higher losses than the *00 m receiver depth for

sources to the SW, as noted.

e, Conmparison of Recelver Sites

For the ACODACs at both Sites 2C and 2D, dats are available for
one hydrophone near 1800 m depth and snother near 2450 m depth. The
range betwcen Sites 2C and 2D is approximately 3CO nm. From both the 18 m
69
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(C) and 91 m sources located between the two sites, the propagation losses
geen at the 1800 m receivers over the 300 nm range interval are essentially
the same at both sites. However, to the near 2450 m depth receiver, the
loss is about 10 dB greater at Site 2D than at Site 2C for ranges out to
200 nmm; the levels are about the same at 300 nm., This is an effect of the
taopography described above for the deeper receivers at Site 2D
(Section III-2b).

3. Aircraft Source Run, Event 12m

(u) This run is radial to Site 2B at a bearing of 282°; the track crosses
the RFA OIMEDA (Event 14b) track at a range of sbout 100 nm from Site 2B
(see Fig. III-1). Sources were deployed at ranges out to 450 nm from
Site 2B. This track passes over the SW edge of Rockall Bank; approximgtely
160 nm from Site 2B, depth excess (approximately 2500 m) is lost.

8. SURVEY Arrsy, Site 2B

f%; (c) As shown by Fig. IITI-13, propagation loss from the 9l m sources
Tgf increased with range to a measured value at Site 2B of approximately 85 dB
' . %, 4% 160 nm. Beyond that range the rate of increase in the propagation loss
il _ :j;> is greater and the data also shows more scatter. From the 18 m sources,
éf 3 the loss is approximately 3 dB greater than the 91 m loss at ranges less
than 160 nm, and 10 dB or more greater (when shots are detectable) at the

longer ranges.

f{. :f (C) The frequency dependence of these data is shown by Fig. III-1k4;
e ; except in one range interval, propagation loss increases with increasing
frequency for both source depths. The exception is the 125 to 300 nm
range interval over which the deep source data sometimes show the same
loss at 50 and 141 Hz and sometimes show higher loss at 50 Hz (decreasing
loss with frequency between 50 and 141 Hz).
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P b. ANB, Site 2BB

(¢) As shown by Figs. III-15 and III-16, the shots during Event 12b
were poorly detected at this site, especially the 18 m shots. From the
91 m sources, at ranges less than approximately 200 nm, the propagation
loss is 95 dB at 100 Hz and less, and 100 dB at 160 and 256 Hz. These
values are representative for both receiver depths. Beyond that range
the propagation loss increases, say, 3 dB at the lower frequencies and
6 to 10 dB at the higher frequencies. These values for propagation loss
are approximately 10 dB greater than those reported for Site 2B (Figs.
III-13 and ITI-14).

c. ACODAC, Site 2D

(c) At this site, almost all of the signals from the 18 m sources
were not detectable; from the 91 m sources, the signals overloaded the
ACODAC out to a range of approximately 200 nm, beyond which depth excess
at the source was lost (Figs. III-17 and III-18). The effect of the loss
of depth excess is seen at a shorter range on the 2467 m receiver, which
is below critical depth (Fig. IIT-17). The nominal value of 105 dB loss
at 200 nm is closer to the 100 dB measured at Site 2BB than to the 90 4B

: reported at the same range at Site 2B, It is notable that beyond 200 nm

i the propagation loss in most of the plots of Figs. III-17 and III~18

: increases at & nominal rate of 10 dB/100 um, & much greater increase than
wvas seen at Sites 2B and 2BB. This is probably attributable to there being
a longer path across the shallow SW end of Rockall Bank to Site 2D than
to Sites 2B and 2BB, as may be seen from Fig. ITI-1.

]

4,  Aircraft Source Run, Event 12k

3 (V) This run is radial to Site 2B at a bearing of 5°; sources were deployed
3 - f; . out to 550 nm range. Once over Rockall Trough, there is open channel propa-
3 - gation out to 150 nm, beyond which the deplh decreases over Rockall Bank
(Fig. TII-1).
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a. SURVEY Arrsy, Site 2B

The propagation loss measured at Site 2B is shown in Figs. III-19
and IXI-20. The loss along this track is similar to what was shown for
Event 12m. For example, from the 91 m sources, propagation loss is
approximately 85 dB at 200 nm range, and then, as the sources move into
the shallower water, the loss increases to approximately 95 to 100 dB at
400 nm. The loss from the 18 m sources is approximately 5 4B greater than
the loss from the 91 m sources at ranges greater than 200 nm (Fig. III-19).
For both source depths, the loss increases with frequency (Fig. III-20).

b. ANB, Site 2BB

The propagation loss to Site 2BB is shown in Figs. III-21 and
III-22. Most of the received signals overloaded the system out to 200 nm
for the 300 m receiver or 150 nm for the 610 m receiver. As the sources
move across the shallow water, the increase in propagation leoss is greater
at the higher frequencies and from the shallower sources. Many more shots
were detected at the 610 m receiver than at the 300 m receiver ({because
of a higher noise level at 300 m), but propagation loss velues at the two
recelver depths are approximately equal.

c. ACODAC, Site 2D

Essentially no data are availsble for the 18 m source depth because
of low signal-to-noise ratio. Better propagation from the sources at 9l o
results in data such as showm in Fig. III-23 for 50 Hz propagation loss to
receivers at depths of 585 m, 715 m, 1810 m, and 2467 m. The data in
Fig. III-23 illustrate both the reange and receiver depth dependence. Out
to 200 nm range, loss increases faster with range to the deepest hydrophone
(2467 m) so that, at 400 nm range, the loss at 247 = is about 10 dB higher
than that observed at the other three hydrophones. The loss from the 9l m
sources is essentislly the sume at 25 and 50 Hz, and 3 to 5 dB higher at
158 Hz than at S0 Hz.

78

CONFIDENTIAL




o-t35

W R -

- - -~ [ e W
T T TITTTITT 1" g
@16 v gp ¢ an.:l mmS
gy 1w gp ¢ 33\,
- N
4 8 . IJ
Zli 00g pue ‘IpT ‘0§ - » & :11;-.»._
syide@ adanog omy To nd o AN X% e - .
JI9A19D9¢ W 8Z/ 1 L - S4= 4ot ol
& b g - Ay
D AZT LINHAT ‘92 411S - SSOT NOILVOVAOud A b 4 S I PN D
id 61-111 NI (SD mmetl miwd T A1 -
— o 4 I
L B . hN kL.
— vy Gas i i i —
s -t ‘H. ﬂﬂh‘H Hﬁ‘ P‘-'H u H - Q s
)|
M T BT e T ™ T i e S ﬂ_ Pt e.ﬂm i L
[ m
c o 16 32.8P & prv] 1@ 16 3¢ ap ¥ m-w;s c
w e gp ¢ ; Tr . ¢
7 8t i 8P £ PPV m ‘ SRS Z
B -1 xﬂ. 4 * wlf.. o>
- - -
U \ & o ) T 4 [ml | _ U
\cl’l..’.,',l.. m w.l.ll.(....l.l'.,.l ,w.. .w.l. m
N =T SN . ¥ - 3 i ! »
LW age S vs oy I N 1 a8 -\\.< Tt ﬂ . H ¥
NNl a - 3 im . N M .h.:_n.
[ T~ {- v ] AN /1\.;1 .;.Y« . Bm AT s ey . w im
X R Ry 8 e ey ] g
1o ST 2R e 2% S SR fics
™ ..I “ 0:554!6!“0!' [ ‘!. m v .nss a_lcvl.cmuh ﬂl., _
} RS S G o I G ST AN YD S | % o




UNCLASSIFIED

w‘ 1 1 g 1
AMEA NL  giTe 28
| RECEIVER OEFTH 94 5. FM$
) IVENT RS BEARING 004 T
0 DATE l/u{" HYO 3
sounct” bo. 5t
o\ — s 4 He
g” \ S . ~—a 300 Hea
e A} - WACTUAL O3 POWT _ 03 PONT
N . .
” 4
E - N ] :1 g I ]
Y g KT
g% i £ Y ) ‘L\
’ 1Y Ao B \“
g : B hh' == | — ]
v ~ — T .
lio =
A Wi
10 . N-w ] »
- add 2 dB at 50 Hz
mol- add 3 dB at 141 Hz
8 add.ls jiB |at 300 Hz
| [ .
Hog

0o 00 00 0 600 ©0

© i ) S A ) S
AREA ML miTe 28
MECEIVER DEPTH 4 41, Fou
EVENT A3 BLARUS on.’v_{

™ ATE 8/28/73 WO 3
S W AKX 3op. 0T |
—— s L ¥
© - > oem—a 30O NE =
g \'{v‘k ol V*J P MACTUAL 03 PONT D8 PomT
S / LT s
© \\\ e 3 ha 'X \/ ala
T TR RPN T
o) N \N\!'“ . Q:*%N
9 ™ '\\r' N ¢ )
gnc = ‘&‘1\ e :
14
A
gm
" add 4 dB at 50 Mz -~
- zdd 3 d8 at 141 H=
. add 3 dB at 300 Mz
wh L L1 111
) (™) ) 30 ) )
[VEE S T V1Y
FIQURE {1i-20
PROVAGATION LOSS - SITE 28, EVENT 12k
1728 m Receiver
Twe Source Depths
50, 141, and 300 M2 AS-"6-5§50
SKM

UNCLASSIFIED




oS

it

s S — o

dB

PROPAGATION LOSS -

UNCLASSIFIED

18 m SOURCE 91 m SOURCE
ao—m-ru e wr—hﬂ—t
90 . 90 r R L
J Y] . f ] 0‘. 1 . [ .". ol ue
100 = . 100 L B
* »
- .'
110 - 110 -
25 Hz l 25 Hg
1205— 500 600 1200 TOOI60 X400 300 &0
80 —nl-rm 80 mmasy
S0 . 0 . L I " h .
1. .* . '.‘n".--n :. .
100 - 100 <
110 =1 110
50 Hz SO Hz
120 A 120 .
0 100 200 300 400 500 600 0 100 200 300 400 500 600
80 (—aaa 80
%0 90
b * 0 ¥ § = o " g
. * al o o & n
lm - “ lm [ Tew [ T .
a 4
110 -~ 110 :
120 100 Hz | ’ 100 He
0 100 200 300 400 500 600 2° 0 100 200 300 400 500 600
80 —aaspe. 80 [SaAsfm—
30 %0 f
L LN ]
100 1. 100 ~ % -“ N
. *.. { - *" :.
110 2 g 110 - [
120 160 He 120 1501*“
0 100 200 300 499 SO0 600 0 100 200 300 400 503 600
80 IMfiam. & ‘lu—w
i
%0 80
100 100
4 - LA
[ 3 ““:“i .
110 . s B 10 e T
254 H: 256 H=
120 v 120 .
9 100 260 300 400 500 600 0 100 200 300 400 SO0 600
RANGE -
FIGWKE 111-2t
PROPAGATION LOSS - 5iTC I3B. EVENT 1% AS-76-887

300 w Receiver Two Source Depths 25, 50, 160, aad 256 Nz SO

81
UNCLASSIFIED




dB

PROPAGATION LOSS .

UNCLASSIFIED

18 m SOURCE 91 m SOURCE.
90 ] 90 R S e
.| e -‘i:m.-,,..
o R » l\l_
100 Pt;?.. = | 100 Torke
. o IR R
110 110 .
25 Hz 25 Hz
1200™"T00 200 300 400 500 g0o 200 100 200 360 4o 560 600
90 —1at go -S| a1
L LI * *-‘hq“l."‘ﬂh .
o 100 :
100 " -'... R ‘V'. F'\.
110 ot 110
50 Hz ‘ 50 Hz
120 —L 120

0 100 200 32)0 400 500 690 0 100 <00 300 450 S00 6UO

90 ’ 0 ] 1
L LI ’ ! ’ E T %
L™ ertnan) ey
00 ¢ 100 a3
v. ,’. x "
¥
110 o 110
L ]
100 4z 100 Hz L
120 . 120 .
100 2060 300 300 500 600 0 100 200 300 400 SO0 600
90 [—m 90 MURSRM_m2 1 1
3§ gug * -
[ . X o
100 - 100 b L
" i
(] ] !
o [} ‘.. "wl
110 - 110 l -
160 Hz 160 Hz2 l
120 . 120 - ;
U100 200 300 400 300 500 6 100 200 300 400 500 600
90 ARS QOF.TL&L
1001 LEpe'] 100 hd _l:n. y
.. 1"“"'\.:‘-.
110 e 110 ™ -‘:v...l -
¢ N -
a0 256 Hr | i 256 Hz -
3 TOF 200 S0 a6 300 " soo Y0160 200 300 400 500 600
RANGE - na
FIGURE 111-22

PROPAGATION LOSS - SITE 2BB, SVENT 12k
610 » Receiver
Two Source Depths

. i AS-76-888
25, 50, 100, 160, and 256 H: St

82
UNCLASSIFIED




T T T F o Yo Ewow Y™ Rt i g it 2 2
UNCLASSIFIED
: HYDROPHONE DEPTH 585 m HYDROPHONE DEPTH 1810 m

0 90 At

4
100 ";L—. 100 r
x =
z ] x .'
¢
110 |- # pory 110 K
x .!L
K‘ : »
120 —*— 120 ~——
© 0 100 200 300 400 500 0 106 206 300 4p0 S00
' - .
2]
wn
Q
uk |
C75
=
<
<
<
8
& HYDROPHONE DEPTH 715 m HYDROPHONE DEPTH 2467 m
o — T 90 p—2tr—te
* . {
1 Y
100 100 x
‘4
116 110
oy 'ﬁ ¥
¢ ot
120 - 120
" 130 T05 300 505306500 R T T Ry B
RANGE - nm
FIGURE I11-23
: PROPAGATION LOSS - SITE 2D, EVENT 12k
l Four Receiver Depths
{ 91 o Source
50 Hz
-76-889
83 oy
{The reveree of this mMge is blank. }
UNCLASSIFIED




K ,
= e son ot o s T i

(u)

CO (FIDENTIAL

(Thi. page is UNCLASSIFIED.)

IV. PHASE III

1. Exercise and Area Description

Phase III of SQUARE DEAL was conducted duri._ September 1973. The
locgtions of the receivers and the event discussed here are shown in
Fig. IV-1. The Icelandic Basin, the area of Phase III, is bounded to the
northwest by ReykJanes Ridge and to the southeast by Rockall Bank. The
receivers deployed for Pbase III were ACODACs at Sites 1C and 3D, SURVEY
arrays at Sites %A and 3Z, and the MABS II at Site 3AA. Information
regarding hydrophone depths, etc., for all processed data is given in
Table IV-1. The major source event of this phase was Event 22a during
which RFA OIMEDA began at point 32Z in the Norwegian Sea, proceeded along
the Great Circle through Sites 3D and 1C, and completed the SUS event at
point 3F, west of the mid-Atlantic ridge. For a second series of source
events, aircraft deployed SUS charges along paths rgdial to Site 34,
including one path across Rockall Bank.

2. RFA OIMEDA Source Run, Event 22a

The lcng RFA OLMBDA SUS run was on T-10 September 1973. The sensors
along the track whose recordings have been processed are shown in Fig. IV-2,
along with the bathymetry and sound velocity structure. The Faeroe-Icelan?
ridge and the Gibbs Fracture Zone in the wid-Atlantic ridge are two obvious
geographic influences upon propagation. The sound velocity structure shows
considerable change along the track end is particularly asymmetric about
Site 1C. From 200 nm NE of Site 1C vo Site 3Z there is an upper sound
chennel with axis at approximately 100 m depth; there is no depth excess
along this same interval.
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TABLE IV-1

REFERENCE LOCATIONS FOR PHASE ITI (U)
(From Table III-1 of Ref. 4)

R

TYPE SITE TOCATION HYDROPHONE DEPTHS - meters
ACODAC 3D 60°24,9'N L6 Near upper sound channel axis
19°04.0'W 1078 Near deep sound channel axis
' 1812 100 m above critical depth
ACODAC 1C | 54°52.4'N 606 250 m below sound channel axis
28°49.2'w 895 550 m below sound channel axis
1960 100 m below critical depth
SURVEY 32 63°09.83'N 426 Bottom, near crest of Faeroe-
o ) Iceland Ridge. Sound velocity
12°00. 34w minimum at bottom.
MABS II | 3AA| 59°07.7'N 165
19°1k.2'w 966
1454
2155
SURVEY 3A 53°07.67'N
18°38.85'W
322 6L°28'n
07°4k0'W
3F 51°05.8'N
33°35.9'W
- 87
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a. ACODAC, Site 3D

{v) The processed hydrophones at Site 3D are at 406 m, near the
upper sound channel axis, at 1078 m, near the deep sound channel axis,
and at 1812 m approximately 100 m above the critical depth. Figure IV-3
shows propagation to the 1078 m receiver from both 18 m and 91 m sources
whereas Fig. IV-4 shows propagation loss from only the 91 m sources to
the 406 m and 1812 m receivers. Range averaged propagaetion loss to the
three receiver depths in selected range intervals is shown in Fig. IV-5.

(1) BRange Dependence

(c) Overlcading of the received shots within 200 nm of

Site 3D limits discussion of the range dependence of propagation loss to
longer raages. In the open channel region SW of Site 3D, bvetween 200 nm
and 600 nm, the range dependence of propagation loss shows approximately
cylindrical spreading at 158 Hz and above. At the lower frequencies, the
loss is almost independent of range over this interval. Indeed, Figs. IV-4
and IV-5 show propagation loss to the deep receiver even decreasing slightly
with range at the lower frequencies.

(2) Bottom Effects

(c) NE of Site 3D, most of the shots cause overloads out to
180 nm, vhere depth excess is lost across the Faerce-Iceland Ridge. For
shots between that point and Site 32, the 1812 m receiver shows 10 to 15 dB
increase in loss; an effect of this magnitude i{s probably masked by over=
losding at the other hydrophones. When the source shots are near point
Site 3Z, the 50 Hz date show a local minimum in propagation loss due to
edge enhancement. Starting at 650 nm SW of Site 3D at the western end of
the Event 22a source run, the Gibbs Fracture Zone (in the mid-Atlantic
Ridge) causes a 10 to 15 dB increase in loss from the 91 m sources as
RFA OLMEDA traverses the zone; few of the 18 m shots were detectable in
that region. At 700 nm SW of Site 3D, which is beyond the short interval

8
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! (C) of depth deficiency shown in Fig. IV-2, there is evidence of edge enhancement
causing propagation loss to be 5 dB less than the values for sources st
nearby ranges &t sll ivrequencies.

(3) Source Lepth

(C) The difference between the propagation loss from the two
source depths over the open channel is similar to that of the rest of
SQUARE DEAL: 5 dB more loss from the 18 m source at 158 Hz and 10 to
12 dB more at 25 Hz and 50 Hz; this difference is shown clearly in
Fig. IV-5.

(4) Receiver Depth

(¢) The dependence of propagation loss upon receiver depth at
3ite 3D is shown in the depth difference plots of Fig. IV-6; in addition,
Fig. IV-5 also reveals the receiver depth dependencies. The 406 m and
1078 m receivers are at the two sound channel axes; as may be seen, there
is effectively no difference between propagation loss to these receivers
from the 91 m shots. (Cable strumming makes the 18 m shots undetectable
at the 406 m receiver.) In the open channel regions, the loss from the
91 m sources to the 1812 m receiver is on the average 2 to 3 4B greater
than the loss to the shallow recelvers. Similar plots indicate that the
propagation loss from the 18 m sources is independent of receiver depth.

(5) Frequency Dependence

(¢) Figure IV-7 gives frequency difference plots comparing
158 Hz and 50 Hz propagation loss on a shot-by-shot basis; Fig. IV-5 shows

the frequency dependence on a range averaged basis.

(¢) During most of Event 22a, propagation loss from the 91 m
sources increases with increasing frequency; for example, the loss at
158 Hz is nominally 4 4B greater than the loss at 50 Hz.

%
CONFIDENTIAL




£
¥
UNCLASSIFIED
R
PLUBIE M) PLC %08 W)
: *x “#l I
r'[ " -
’I
q e e
1' *0
1
i 0 - f " x| ® Ll 1
. |
[ ]
» 25 Ha }
"10 ——e 1
-800 ~700 -600 -500 -400 -300 -200 -100 0 100 200 300 400
0 PLLI0IR M)- PLOIOTS K}
® R’
3 ¥ o
‘ *x o *
x 3 [}
. "3 RN
Z 0 J * hod
o 3 8, il
. 3 l‘?’ I 2
439
[ ]
(]
v
8 50 Hz
2 0 )
z -800 -700 -600 -500 -400 -300 -200 -100 0 100 200 300 400
£ PLLLOY M) PLE %08 K)
3 10
<
(AN
2
[« W
+ . .
0 &
158 Hz
-10 , L :
<800 -700 -600 -500 -400 -300 -200 -100 G 100 200 300 400

RANGE - nm
FIGURE IV-6a
PROPAGATION LOSS DIFFERENCES - SITE 3D, EVENT 22a
Differvnces Among PL to Receivers
81 m Source
50 Hz

-

91
UNCLASSIFIED AS-76-8¢

SKM




Tt T L T O T TS N (O T T8 R ™ e

UNCLASSIFIED

199.5 Hz
PLEIGIE H)- PLC %08 M)

-10
-800 -700 -60G  -500 -400 -300 -200 -100 0 100 200 300 400
PLIIDIR N)- PLLIOTE M)
10
] *o 8 !'.
> x I f e S

E - dB

a
~.

}x&; % ';:‘5.:”- ‘:‘1& » . o"‘
0 d: a T]%® e

-

-800 -700 -600 -500 -400 -300 -200 -100 0 100 200 300 400
PLUAOTS H)- PLE SOB M)

PROPAGATION LOSS DLIFFEREMN

10¢ ]
»
x
S
.,f_ ~ 5 - !
0 .
-~ ltﬁ ."
2 4 =
n
-10 J

-8UU 700 -600 -500 -400 -300 -200 -*NG 0 100 200 300 400
RANGE - nm

FIGURE IV-6b
PROPAGATION LOSS DIFFERENCES - SITE 3D, EVENT 22a
Difference~ Among "L to Receivers
o1 m Source
200 Hz

98

UNCLASSIFIED

AS-76-897
SKM




E
o e gl
3
:

Tacnsrds,

PROPAGATION LOSS DIFFERENCE - dB

-

UNCLASSIFIED

18 m SOURCE

PL(158 Hz) - PL(50 Hz) HYDROPHONE DEPTH 1078 m

RANGE - nm

FIGURE IV-7a
PROPAGATION LOSS DIFFERENCES - SITE 3D, EVENT 22a
1078 m and 1812 m Receivers
18 m Source
Difference Between 158 Hz PL and 50 Hz PL

99
UNCLASSIFIED

1
u
" x
be . ®
x x .
Op=——u- 3
.' x ’: ’yl’ 3 ’l.
» SL'I' .; ’g‘# %
2
4 % "o‘ *
» % 2 3 ol *
)  § l*.
-g00 -700 -600 -500 -400 -300 -200 -100 0 100 200 300 400
10 PL(158 Hz) - PL (50 Hz) HYDROPHONE DEPTH 1812 m
.
x
B .
0 = 1
SAEAE : -
® . .'} by '.' . s
L 3
. | o | "tk e t'& Yo ™
. ™ . ”
:. x%k & .
-800 -700 -600 -500 -400 -300 -200 -1G0 0 100 200 300 400

AS-76-
SKM



. ; 91 m SOURCE
i‘t
) PL(158 Hz) - PL(50 Hz) HYDROPHONE DEPTH 406 m
: ! ; . *
; ' N o« '
~ . A
H -?é‘ ’ 3 * "r
* [ ] [ ]
C —
. . .
L
-10 ,
-800 -700 -600 -500 -400 -300 -200 -100 O 100 200 300 400
PL (158 Hz) - PL (50 Hz) HYDROPHONE DEPTH 1078 m
10
¥
x x” % I
S r ’g*?l :: {m o J x &I
' b 2" bt td X B x x %
8 » » ‘l x .x:: % ‘: *
é 0 X 1 xI.T—.l-.l - o
i b |
£ xq
a
A .[
S 10 .
Z -800 -700 -600 -500 -400 -300 -200 -100 O 100 200 300 400
s
£ 10 PL_(158 Hz) - PL (50 Hz) ,_HYDROPHONE DEPTH 1812 1
g o ®
i a x| =
) 4
» %
[ ]
: "
& .
0 ' A ;
1 . *
[ .
'0
1] ' 1
. -10 , - “
' -800 -700 -600 -500 -400 -300 -200 -100 0 100 200 300 400
’ RANGE - nm

FIGURE IV-7b
PROPAGATION LOSS DIFFERENCES - SITE 3D, EVENT 22a
Three Receivers
91 m Source
Difference Between 158 Hz PL and 50 Hz PL

UNCLASSIFIED

AS-76-899
SKM




(¢)

(c)

(c)

(c)

CONFIDENTIAL

Propagation loss from the 18 m sources shows the frequuncy
dependence common to most of SQUARE DEAL., In the open channel SW of
Site 3D, Figs. IV-5 and IV-Tb show the loss generally decreasing with
frequency up to 160 Hz, and then increasing with frequency up to 250 Hz.
However, in the high sttenuation regions over Faeroe-Iceland Rise and
Gibbs Fracture Zone, the loss from the 18 m sources is approximately
independent of frequency.

b. ACODAC, .Site 1C

The hydrophones processed at Site 1C for Fhase III are at depths
of 606 m, approximately 200 m below the sound channel axis; 890 r; and
1960 m, approximately 100 m below critical depth. Propagation loss from
sources at each of the two source depths to the 606 m receiver is given in
Fig. IV-8, whereas Fig. IV-9 shows the loss to the 890 m receiver and
1960 m receiver from 18 m sources only. The range averaged propagation
loss data are shown in Fig. IV-10.

(1) Range Dependence

From sources in the interval 250 nm to 600 nm NE of Site 1C,
propagation loss increases at a rate greater than that of cylindrical
spreading; this is different from the range dependencz seen at Site 3D.

For the 91 m sources the propagation loss at 600 nm range is approximately
4 to 6 dB greater than the loss at 300 nm. From the 18 m sources, the
loss increeses between the same ranges by approximately 5 to 8 dB.

(2) Boundary Effects

All of the shots SW of Site 1C cause overlcading until the
Gibbs Fracture Zone is reached at 200 nm range. Between 200 nm and 300 nm
SW, propagation loss increases by at least 15 to 20 dB for all frequencies
and source depths. At the opposite end of the Event 22a track, the Faeroce-
Iceland Ridge influences propagation in two ways. First, there is loss of
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depth excess at 600 nm NE of Site 1C, as reflected by the increase in and
propagation loss from the 91 m sources of 5 to 6 dB at 25 and 50 Hz.
Second, in the shallow water at 700 nm, near point Site 3Z, approximately
5 4B decrease in propagation loss due to edge enhancement is seen at 25
and 50 Hz for the 91 m sources and at 50 and 158 Hz for the 18 m sources.

(3) Receiver Depth Dependence

Differences between propagation loss to different receivers
at Site 1C are given in Fig. IV-11. In general, in the open channel loss
is 4 dB to 5 @B greater to the 1960 m receiver (Just below critical depth)
than to receivers near the axis from 91 m sources at all frequencies.

From the 18 m sources, loss to the deep receiver is 1 to 2 dB greater at
25 Hz and 50 Hz and 4 dB greater at 200 Hz. In the high attenuation region
over the Gibbs Fracture Zone, the receiver depth dependencies are
diminished.

(4) Frequency Dependence

The dependence of propagation loss upon frequency at Site 1C
is illustrated by Figs. IV-10 and IV-12. From 91 m sources in the open
channel NE of Site 1C, the loss at 50 Hz is 2 to 3 dB less thsn at 25 Hz
or at 158 Hz. However, fram the 91 m sources in the high attenuation
reglon over the Gibbs Fracture Zone, there is less loss on a shot-by-shot
basis (Fig. IV-12) at 158 Hz, than at 50 Hz or 25 Hz; this is similar to
the effect of the Faeroe-Iceland Ridge upon the 91 mw sources which was seen
at Site 2D,

From the 18 m sources, the frequency dependence is cne of
decreasing loss with increasing frequency over the open channel region and
also over the high attenuation region above the Gibbs Fracture Zone. For
example, propagation loss at SO Hz is 3 dB grester than the loss at 158 Hz.
The change in the near surface velocity structure and loss of criticsl
depth vhich occurs 600 nm NE of Site 1C does cause a change in the frequency
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dependence of the 18 m measurements. Figure IV-12 shows that, beyond
600 nm range, the relative frequency dependence of propagation loss from
the 18 m sources is similar to that of the 91 m sources.

c. SURVEY Array, Site 32

The SURVEY array atop Faeroe-Iceland Ridge is located at Site 3Z,
on the bottom, in 425 m of water. An SVP taken over Site 3Z is shown in
Fig. IV-13; the 1472 m/sec velocity at the bottom 1s the minimum velocity
of the entire area between Site 3Z and Site 1C. Also, recall that propa=-
gation loss to the ACODAC receivers from sources near Site 37 (detonated
at 91 m depth) showed a local minimum due to slope enhancement.

Propagation loss to Site 3Z is shown in Fig. IV-1k. The
propagation loss curves generally break into three regions. Northeast
of Site 372, the loss increases very rapidly due to attenuation over the
shgllow channel. Southwest of Site 37, the channel deepens until depth
excess is reached approximately 80 nm SW of the receiver; over this
interval, propagation loss is characterized by a combination of attenuation
and spreading. Beyond 100 nm SW, the propagaticn loss curves resemble those
from the ACODACs at Sites 3D and 1C.

(1) Range Dependence

There is an open propagation channel from 100 nm to 900 nm
SW of Site 3Z. At 50 Hz and 100 Hz, the loss from the 91 m sources
increases at a cylindrical spreading rate or less; between 450 nm and
900 nm there is effectively no change in the loss.

(2) Bottom liffects

Propagation loss from sources NE of Site 32 to Sites 3D and
1C is high due to attenuation across the Faeroe-Iceland Rise. Figure IV-14
shows a similar high attenuation in shots received at Site 3Z from nearby
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(C) sources (within, say, 150 nm). The asymmetry of the bottom depth about
Site 3Z is reflected in the propagation measurements. The frequeicy
dependence of the attenuation is similar to that observed st Site 3D.
Namely, the attenuation of energy at the lower frequencies across the
shallow water is greater than the attenuation at the higher freqnencies._

(3) Source Depth and Frequency Dependence

(C) The source depth dependence is related to source location.
Propagation from sources NE of Site 32, across shallow water, shows no
source depth dependence at any of the frequencies studied. Southwest of
Site 37, going into deeper water, the difference between propagation loss
from the two source depths increases until, near 150 nm SW, the loss is
approximately 15 dB greater from the 18 m sources at 100 Hz and 141 Hz.
Beyond 250 nm the loss from the 18 m sources is approximately 10 dB greater
than the loss from the 91 m sources.

d. MABS IT, Site 3AA

(u) BEvent 22a was nonradisl to Site 3AA; the range to the point of
closest approach was 53 nm. Figure IV-15 shows the sound velocity profile
at Site 3AA. The outputs of the hydrophones shown in Table IV-1 have been
processed. Propagation logs from the 18 m and 91 m sources to the 145k m
recelver are shown in Fig. IV-16. Figure IV-17 presents the loss from

the 91 m source to the 165 m and 2155 m receivers.

(1) Range Dependence

igi - (C) The open sound channel extends approximately 600 nm to the

1t SW and 250 nm to the NE from Site 3AA; propagation loss to each receiver

is roughly symmetrical about the CPA (closest point of approach) of 53 nm.
Avay from the CPA, the loss increases rapidly out to approximately 150 nm
range at frequencies of 100 Hz and below; this effect is more noticeable

for the 13 m sources. Beyond approximately 150 nm, the loss increases by
only 3 dB or less out to 600 nm to the SW, where bathymetric effects are seen.
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{2) Source Depth Dependence

The propagation loss from the 18 m source is, in general,
greater than the 91 m source propagation loss. At 25 Hz, the 18 m source
exhibits 8 to 12 dB more loss. The difference as a function of frequency
decreases to approximately O dB as the frequency increases to 250 Hz.

(3) Receiver Depth Dependence

All of the Site 3AA hydrophoues were above critical depth;
the propagation loss was less to receivers in the deep sound channel than
to the other receivers. The 966 m and the 1454 m receivers showed wropa-
gation loss within 0.5 dB of each other. The greatest diffsrence amung
receiver depths was between loss to these deep sound channel receivers
aind the 165 m receiver in the shallow sound channel; the loss to the 165 m
receiver was up to 3 dB greater.

(4) Frequency Dependence

Propagation from the 91 m source to Site 3&A is slmost
independent of frequency for ranges less than 300 to 40 nm, though the
50 Hz and 100 Hz bands have up to 3 dB less loss than do the other banids.
At ranges greater than 400 nm, there is 5 @B lese loss at '70 Kz thsn at
25 Hs; propagation loss then increases above 130 Hz. There is & genersl
increase of % dB from the minimum at 100 Hz to the level at 250 Hz.

Propagation loss fros the 18 = source to Site 3AA generally
decreases vith increasing frequercy; the exact nature is range éepenéent. -
Out to 200 na range, there is 5 dB more loss at 25 H: then at 10 Hz;
beyond 300 nm, the difference is 10 aR. )

22
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(5) Bottom Effects

(c) Beyond 250 nm to the NE of Site 3AA, depth excess and the
surface duct are lost as the source pasges over the Freroce-Icaland Rise.
Slope enhancement from soucces in the range interval of 250 to 300 nm
was observed. At frequencies of 100 Hz and lees there is a 5 to 8 4B
decrease in propagation loss from the 18 m source due to the slope enhance-
ment; above 100 Hz there is no clear edge enhancement for the 18 m sources.
The effect upon the propagation from the 91 m sources smounts to only
1l or 2 dB at 25 Ez and 50 Hz.

(c) Beyond the region of slope enhancement, propagaticn loss

increased approximgtely 10 dR over & 30 nm range.

(c) The source crosses over the Gibbs Fracture Zone at a range
of 575 nm. Near this range, the 18 m source is not detected for 30 to
40 nm; at approximately 610 nm, the 18 m source is again detected. The
loes from the 18 m source after the recovery is approximately 1 dB greater
than before the loss of the signal. Within the range interval of 585 nm
to 625 nm the loss Pfrom the 91 m source shows & 3 to 5 @B increase; then
at a range of approximately 655 nm, loss from the 91 m source is approxi-
mately 2 to 3 &B grester than it was before the zone.

e. Comparison of Propagation to Sites 3D and 1C

~f;§ f (¢) Figure IV-2 shows a definite change in the sound velocity
; structure between Sites 3D and 1C, as is reflected in s slight difference

_ between propagation to the two sites from sources located bLetween them.
x : The range dependence was described in the discussion of each site. Average
{,f 3 values of propagation loss over range intervals of 200 to 300 nm and Loo
i_ﬁ A to 500 nm from each site are presented in Table IV-2. BSources in the closer
N interval are approximately midway between Sites 1C and 3D while those in
the farther interval are approximately over the opposite site. At the
200 to 300 rm range, only the siallowest receivers in the 158 Hz band show
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COMPARISON OF PROPAGATION IOSS TO ACODACS AT SITES 3D AND 1C
DURING EVENT 22a, 200 TO 300 nm FROM RECEIVERS (U)

200 to 300 nm Range

21 m Sources

1C, 606 m
3D, 406 m

1¢, 890 m
3D, 1078 m

1C, 1960 m
3D, 1812 m

18 n Sources

1C, 606 m
3D, 406 m

1C, 890 m
3D, 1078 m

1C, 1960 m
3D, 1812 m

400 to 500 nm Range

91 m Scurces

1C, 606 m
3D, 406 m

1¢, 890 m
3D, 1078 m

1C, 1960 m
3D, 1812 m

18 m Sources

1C, 606 m
3D, 406 m

1C, 890 m
3D, 1078 m

1C, 1960 m
3D, 1812 m

TABLE IV-2

25 Hz

98 4B

100
100

102
101

111
112
113

115
112

102
102
100

105

11k

116
114

117
114

L
CONFIBENTIAL

50 Hz
96 dB
98

99
99

102
101

108

108
104

108
110

100
99

100
99

104
102

112
112
110

11k
112

97 4B
100

101
101

105
104

103
104
105

106
104

102
102

103
103

107
105

108
108
107

11l
101
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(C) as much as 3 dB difference between sites. At the 40O nm to 500 nm range,

(c)

the loss from the 91 m sources 1s 2 to 3 dB greater to Site 1C than to
Site 3D on the middle and deepest receivers. This larger difference for
the deeper receivers may be partiaslly due to the fact that the 1960 m
hydrophone at Site 1C is 100 m below critical depth while the 1812 m
hydrophone at Site 3D is 100 m sbove critical depth.

f. Comparison of Propagation to Sites 3D and 3Z

At Sites 3D and 3%, propagation from sources at long ranges
(greater than 200 nm, say) is characterized by little dependence upon
range at 100 Hz and below. Propagation to Sites 3D and 3Z from sources
approximately over Site 1C is compared in Teble IV-3. For the column .
headed 150 Hz, 158 Hz is used at Site 3D and 141 Hz at Site 32. The range
to Site 3D is approximately 450 nm and to Site 3%, approximately 700 nm.
As may be seen, propagation from the 91 m sources to the one receiver at
Site 37 is equivslent to or better than propagation to the two receivers
chosen for comparison at Site 3D; in contrast, propagation from the 18 m
sources 1s better to Site 3D than tv Site 3Z.

125
CONFIDENTIAL




(c)

CONFIDENTIAL

TABLE IV-3

COMPARTSON OF PROPAGATION IOSS TO ACODAC AT SITE 3D

91 m Sources
3D, 1078 m
37 (bottom)
3D, 1812 mw

18 m Sources

3D, 1078 m
3Z (bottom)
3p, 1812 m

AND SURVEY ARRAY AT SITE 37 DURING EVENT 22a
SOURCES OVER SITE 1¢ (U)

25 Hz 50 Hz 100 Hz
100 99 100
- 98 . 100
101 102 103
114 110 109
- - 111
11k 112 110
126
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V. COMPARISON OF REGIONS

1. Comparison of Phase I and Phase III, Site 1C

ACODAC systems were locgted at Site 1C during Event 24 of Phase I
and Event 22a of Fhase III; Event 2a is a SUS run along the axis of the
West European Basin (Fig. II-1) and Ivent 22a is along the Icelandic
Basin (Fig. IV-1). The relative propagation loss from sources in the two
basins to Site 1C depends upon source depth, receiver depth, and frequency.
Whenever significant differences in the loss from equivalent ranges were

observed, there was grester loss from the Icelandic Basin.

Table V-1 compares range averaged values of propagaetion loss to
receivers near the sound channel axis (712 m for Phase I, 606 m for
Phase III) and near critical depth (1444 m for Phase I, 1960 m for
Phase III) for two range intervals. There is an open channel for propa-
gation to Site 1C from sources in all four source locations. To receivers
at the axis at Site 1C, the mean loss from the 91 m sources in both basins
is almost identical. However, to the deeper receivers, the loss from
91 m sources is nominally 2 dB greater for sources in the Icelandic Basin

(Event 22a). These comparisons were noted for both range intervals.

For the 18 m sources the comparison seems to depend upon the range
interval. In the 300 to 400 nm interval, the loss from the 18 m sources
to hydrophones at the axis ave the same from both directions. To the
deeper hydrophones, there is approximstely 2 dB more loss from sources in
the Icelandic Basin. In the 500 to 600 nm interval, the loss from 18 m
sources in Event 22a is greater for both receiver depths.

T
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2. Comparison of Phase I and “hase II, Site 2C

b (c) There were ACODAC systems at Site 2C during Event 2a of Phase I and

; Event 14b of Phase II. Event 2a was along the major axis of the West
European Basin (Fig. II-1). In the range interval of 200 to 300 nm west
of Site 2C the sound speed profile changed from one with a double minimum
to one with a single minimum. Tuere was a depth excess along the entire
source track. Event 1l4¥b was down the Rockall Trough (Fig. ITI-1). The
sound speed profiles along thi: scurce track were characterized by a
double minimum. At a range of approximately 200 nm NE of Site 2C there
was & loss of depth exvess for a short range interval (Fig. III-2).

(¢) Table V-2 presents rauge averaged propagation loss for selected
receivers at Site 2C for Events 2a and 14%b. For both range intervals,
the 91 m source propagation loss was 1 to 2 dB more from the West European
Basin than from the Rockall Trough. From the 18 m sources at low fre-
quencies (25 Hz and 50 Hz), there was as much as 3 dB more loss to the
SW (Event 2a) than to the NE (Event 14b). At the higher frequencies for
the 18 m source, however, there was 1 to 2 dB more loss from the NE than
from the SW. Thir behavi'r for the 18 m sources is due to the fact that
the Lloyd's Mirror effect was prominent during Event 2a, but was much
less rigrificant during Event 1lhb.
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